Abstract Japanese black vinegar (JBV) is a traditional vinegar manufactured with steamed unpolished rice. After screening, beneficial effects of JBV on IgEmediated allergic responses were found. In this study, acetic acid-free JBV was used to evaluate its antiallergic effects. JBV suppressed degranulation of rat basophilic leukemia RBL-2H3 cells in a dose-dependent manner without cytotoxicity. The inhibitory effect of JBV on the degranulation seemed to be caused by the bioactive ingredients other than proteins, because the activity was not affected by heat treatment or protease digestion. JBV inhibited the elevation in the intracellular Ca 2? concentration induced by antigen. Immunoblot analysis revealed that JBV suppresses degranulation of RBL-2H3 cells by downregulated phosphorylation of PI3K, Akt, and PLCc1. In addition, oral administration of JBV significantly suppressed passive cutaneous anaphylaxis reaction in mice and an allergic symptom in Cry j1-induced pollinosis model mice. Thus, JBV has a potential as a health-promoting food with the antiallergy effect.
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Introduction
Allergy is an excessive immune defense reaction. Allergic symptoms are divided into four types based on the difference in their mechanisms to generate immune responses (Gell and Coombs 1963) . Allergic rhinitis is a typical type I allergic disease that causes three characteristic symptoms, namely sneeze, runny nose, and stuffy nose, due to causative antigens reaching the nasal mucosa. Allergic rhinitis is caused by most of inhalable antigens, for example, ticks and molds, which cause perennial allergic rhinitis, and tree and grass pollens, which cause seasonal allergic rhinitis. A survey conducted in 2008 revealed that the prevalence of allergic rhinitis was 38.9% in Japan, among which the prevalence of Japanese cedar pollinosis was 26.5% (Baba and Nakae 2008) . The survey also revealed that the prevalence of Japanese cedar pollinosis increased by 10% over a decade, suggesting a rapid increase in patients with Japanese cedar pollinosis (Yamada et al. 2014) . Cedar pollinosis is elicited by cedar pollens that reach the nasal mucosa. Antigen-presenting cells, such as macrophages and dendritic cells, phagocytize and present them on MHC class II molecules on their cell surface. Naive CD4 ? T cells that receive antigen presentation and cytokines differentiate into Th2 cells and produce cytokines such as interleukin (IL)-4 and IL-13. These cytokines stimulate B cells to promote class switching and to produce specific IgE antibodies. On the other hand, Th1 cells produce interferon (IFN)-c that plays the opposite role to IL-4 and promotes Th1 cell differentiation. Th1/Th2 balance is well maintained in healthy subjects; however, Th2 predominant condition results in occurrence of allergic diseases (Galli et al. 2008) .
Type I allergic reaction is initiated by degranulation of mast cells and basophils provoked by cross-linkage of an allergen to specific IgE antibodies bound to the high-affinity IgE receptor (FceRI). Aggregation of antigen-IgE-bound FceRI leads to mast cell degranulation and secretion of inflammatory cytokines through the activated intracellular signaling processes (Amin 2012) . The initial signaling event is activation of the Src family non-receptor tyrosine kinases Lyn and Fyn. Activated Lyn induces phosphorylation of another kinase Syk, which leads to Ca 2? mobilization. As a result, chemical mediators such as histamine are released from intracellular granules, and inflammatory cytokines are secreted, which induces contraction of smooth muscle, vasodilation, and increased vascular permeability (Kraft and Kinet 2007) . Mast cells thus play a crucial role in the type I allergic reactions, and prevention of mast cell degranulation is of great significance for the relief of allergic symptoms. Because a long-term administration of antihistamine and steroids sometimes causes side effects, an alternative way is required to relieve allergic symptoms without drugs. Recently, antiallergic foods have attracted much attention as alternates for drugs. So far, several food components have been reported to suppress mast cell degranulation (Miyata et al. 2008; Lee et al. 2013; Onishi et al. 2014) . As a result of screening a number of foodstuffs, we found Japanese black vinegar called kurozu in Japanese as an antiallergic food material.
Japanese black vinegar is a traditional vinegar manufactured with three components: steamed unpolished rice, a fermentation starter called koji, and water. A fermentation process is saccharification, alcoholic fermentation, and acetic fermentation. Japanese black vinegar is rich in various kinds of amino acids. In addition, various microorganisms such as Aspergillus, yeasts, lactic acid bacteria, and acetic acid bacteria are known to be involved in the process of fermentation and maturation. Thus, Japanese black vinegar contains acetic acid and other organic acids, peptides, amino acids, polysaccharides, and so on. Japanese black vinegar has been reported to have several functions such as antioxidant (Shimoji et al. 2002) and liver function-improving actions (Fujii et al. 1999) . Although various functionalities have been reported, the antiallergic effect of Japanese black vinegar has not yet been reported. In the present study, the antiallergic effect of Japanese black vinegar was examined using the rat basophilic leukemia cell line RBL-2H3 cells that have been commonly used for screening of substances inhibiting mast cell degranulation in vitro (Passante and Frankish 2009 ) and using murine models of passive cutaneous anaphylaxis (PCA) and pollinosis in vivo. Our data suggest that Japanese black vinegar would contribute to attenuation of allergic symptoms. The findings demonstrated in the present study would be of significance in providing a new dimension to the functionality of Japanese black vinegar.
Materials and methods
Reagents
Dulbecco's modified Eagle's medium (DMEM), RPMI-1640 medium, fetal bovine serum (FBS), penicillin, streptomycin, bovine serum albumin (BSA), mouse anti-dinitrophenol (DNP) monoclonal IgE, DNP-human serum albumin (HSA) conjugate, Triton X-100, Evans blue, and mineral oil were purchased from Sigma-Aldrich (St. Louis, MO, USA). Goat anti-actin antibody and horseradish peroxidase (HRP)-labeled anti-goat IgG antibody were purchased from Santa Cruz Biotechnology (Santa Cruz, CA, USA). HRP-labeled anti-rabbit IgG antibody and rabbit antibodies against phosphoinositide 3-kinase (PI3K) p85, phosphorylated PI3K p85/p55, Syk, phosphorylated Syk, Lyn, phosphorylated Lyn, phospholipase C (PLC) c1, phosphorylated PLCc1, PLCc2, and phosphorylated PLCc2 were purchased from Cell Signaling Technology (Danvers, MA, USA). Cry j1, a purified allergen of Japanese cedar pollens, was purchased from Hayashibara (Okayama, Japan). All other chemicals were purchased from Wako Pure Chemical Industries (Osaka, Japan) or Nacalai Tesque (Kyoto, Japan) unless otherwise noted.
Cells and cell culture RBL-2H3 cells were obtained from American Type Culture Collection (Rockville, MD, USA) and cultured in DMEM supplemented with 100 U/mL of penicillin, 100 lg/mL of streptomycin, and 10% FBS at 37°C under humidified 5% CO 2 in air.
Animals
Female BALB/c mice were purchased from Japan SLC (Shizuoka, Japan) and kept in an animal room under 12 h light/dark cycle at a temperature of 24 ± 2°C. Animals received standard chow and water ad libitum. All animal experiments described in this study were carried out in accordance with the protocols approved by the Laboratory Animal Care Committee of Ehime University (approved protocol numbers: 08U3-1 and 08U7-1). Mice were maintained in accordance with the Guidelines for the Care and Use of Laboratory Animals of Ehime University.
Sample preparation Japanese black vinegar manufactured by Sakamoto Kurozu Inc. (Kagoshima, Japan) was freeze-dried to remove acetic acid and ten-fold concentrated. It was then centrifuged at 19009g for 10 min, and the supernatant was used for the experiments in this study as an acetic acid-free Japanese black vinegar sample (JBV). One hundred mL of JBV was yielded from 1000 mL of intact black vinegar. According to the analysis by HPLC, the amount of acetic acid in JBV was 0%, whereas that of intact black vinegar was 4.19% (supplementary data 1). JBV was used by diluting in 10 mM sodium phosphate buffer (NaPB, pH 7.4) to reduce the effect of pH. Dry weight was measured by weighing a portion of freeze-dried JBV. To evaluate the molecular size of bioactive ingredients, JBV was dialyzed using a dialysis membrane with molecular weight cut-off (MWCO) of 3500 (Wako Pure Chemical Industries) against 10 mM NaPB for 24 h at 4°C. To evaluate the heat stability, JBV was heated at 100°C for 15 min and used for the degranulation assay described below. To evaluate the protease stability, JBV was treated with 10-500 lg/ mL of proteinase K (Wako Pure Chemical Industries) at 37°C for 15 min or overnight. The samples were then heated at 100°C for 10 min to inactivate proteases and used for the degranulation assay described below.
Antigen-induced degranulation assay
The assay was performed as previously described with some modifications (Watanabe et al. 2005; Ishida et al. 2013) . RBL-2H3 cells suspended in DMEM containing 100 U/mL of penicillin, 100 lg/mL of streptomycin, and 10% FBS were seeded into a 96-well culture plate (Corning, Corning, NY, USA) at 4.0 9 10 4 cells/well and cultured for 12 h at 37°C under humidified 5% CO 2 . The cells were then treated with anti-DNP IgE at 50 ng/mL for 2 h at 37°C. After washing the cells with modified Tyrode's (MT) buffer (20 mM HEPES, 135 mM NaCl, 5 mM KCl, 1.8 mM CaCl 2 , 1 mM MgCl 2 , 5.6 mM glucose, and 0.05% BSA, pH 7.4) twice, anti-DNP IgE-sensitized cells were treated with 120 lL of MT buffer containing various concentrations of JBV or 10 mM NaPB (vehicle) for 10 min at 37°C. 10 lL of DNP-HSA diluted in MT buffer at 0.625 lg/mL was subsequently added to each well and incubated for 30 min at 37°C. After incubation, the supernatant was collected from each well, and the cells were sonicated in 130 lL of MT buffer containing 0.1% Triton X-100 for 5 s on ice. Both supernatant and cell lysate were transferred to a new 96-well microplate at 50 lL/well and incubated for 5 min at 37°C. 100 lL of 3.3 mM 4-nitrophenyl 2-acetamido-2-deoxy-b-D-glucopyranoside (Wako Pure Chemical Industries) dissolved in 0.1 M citrate buffer (pH 4.5) were then added to each well and incubated for 25 min at 37°C. The enzyme reaction was terminated by adding 100 lL of 2 M glycine buffer (pH 10.4), and the absorbance was measured at 405 nm using a SH-8000Lab microplate reader (Corona Electric, Ibaraki, Japan). b-Hexosaminidase release rate (%) was calculated as follows:
where ''A'' is the absorbance of each well.
Cell viability
Cytotoxicity of JBV to RBL-2H3 cells was examined using a WST-8 assay kit (Kishida Chemical; Osaka, Japan) according to the manufacturer's instructions. Anti-DNP IgE-sensitized cells were seeded into a 96-well culture plate, treated with various concentrations of JBV, and stimulated with DNP-HSA as described above. After the cells were washed with phosphate-buffered saline (PBS, pH 7.4) once, 100 lL of 10% FBS-DMEM containing 10% WST-8 solution was added to each well of the culture plate and incubated for 30 min at 37°C. The absorbance was then measured at 450 nm using a Model 550 microplate reader (Bio-Rad Laboratories, Hercules, CA, USA).
Immunoblot analysis RBL-2H3 cells were seeded into a 24-well culture plate (BD Falcon) at 2.5 9 10 5 cells/well and cultured for 12 h at 37°C under humidified 5% CO 2 . The cells were then treated with anti-DNP IgE at 50 ng/mL for 2 h at 37°C. After washing the cells with MT buffer twice, anti-DNP IgE-sensitized cells were treated with 490 lL of MT buffer containing JBV (5.4 mg/mL) or 10 mM NaPB (vehicle) for 10 min at 37°C. The cells were then stimulated with DNP-HSA at 50 ng/mL and further incubated for 10 min. After removing the added reagents, cells were lysed and immunoblotting was performed with various antibodies as previously described ).
Measurement of intracellular Ca
[Ca 2? ] i was measured using a Calcium Kit Fluo 3 (Dojindo Laboratories, Kumamoto, Japan) according to the manufacturer's instructions. RBL-2H3 cells were seeded into a white 96-well culture plate (Nunc, Roskilde, Denmark) and treated with the anti-DNP IgE as described above. The IgE-sensitized RBL-2H3 cells were then washed with PBS twice and incubated with 100 lL of Fluo-3 AM for 1 h at 37°C. After washing the cells with PBS, the cells were treated with 120 lL of MT buffer containing JBV (5.4 mg/mL) or 10 mM NaPB (vehicle) for 10 min at 37°C. The cells were then stimulated by adding 10 lL of MT buffer containing DNP-HSA at 0.625 lg/mL and the fluorescent intensity was immediately monitored with an excitation wavelength of 490 nm and an emission wavelength of 530 nm using a SH-8000Lab microplate reader.
IgE-mediated passive cutaneous anaphylaxis (PCA) in mice
The assay was performed according to the method of Knoops et al. (2005) with some modifications (Yasunaga et al. 2016) . After acclimating to their housing
environment for 1 week, 7-week-old female BALB/c mice were intradermally injected with 10 lL of PBS containing 100 ng of anti-DNP IgE and with 10 lL of PBS alone into their left and right ears, respectively. After 24 h, 200 lL of PBS containing 200 lg of DNP-HSA and 0.5% Evans blue were injected into their tail vein. One hour before DNP-HSA injection, the anti-DNP IgE-injected mice were orally administered 20 lL of 10 mM NaPB to the control group, 20 lL of JBV at 25 mg/kg body weight to low-dose JBVadministered group, and 20 lL of JBV at 250 mg/kg body weight to high-dose JBV-administered group. The mice were then euthanized 30 min after DNP-HSA injection, and their ears were excised. The extravagated dye was then extracted from each ear with 500 lL of formamide for 16 h at 70°C, and the absorbance was measured at 620 nm using an Ultrospec 3000 spectrophotometer (Amersham Pharmacia Biotech, Uppsala, Sweden).
A mouse model of Japanese cedar pollinosis A mouse model of Japanese cedar pollinosis was developed according to Nomiya et al. (2008) by treating mice with Cry j1 as scheduled in Fig. 1 . Following adaptation period for 1 week, 6-week-old female BALB/c mice were randomly divided into 4 groups as follows: intact group (8 mice), control group (8 mice), low-dose JBV-administered group (8 mice), high-dose JBV-administered group (8 mice). Control group mice and JBV-administered group mice were intranasally treated with 1.0 lg of Cry j1 dissolved in 10 lL of PBS using a glass microsyringe (Hamilton;
Reno, NV, USA) on days 0, 7, 14, and 21 and challenged with 0.2 lg of Cry j1 in 10 lL of PBS for 6 consecutive days from day 28 to day 33, while the intact group mice were treated with 10 lL of PBS alone from day 0 to day 33. The low-dose and the highdose JBV-administered group mice were orally administered 20 lL of JBV at 25 and 250 mg/kg body weight, respectively, for 7 consecutive days from day 28 to day 34. The intact and control group mice were orally administered 20 lL of 10 mM NaPB. On day 34, all mice, including intact group, were treated with 0.2 lg of Cry j1. Nasal rubbing frequency was counted for 30 min immediately after the final challenge. On day 35, all mice were euthanized and blood and spleen were collected. Splenocytes were prepared by gently passing the spleen through a cell strainer (BD Falcon), hemolyzing with a lysis buffer (155 mM NH 4 Cl, 15 mM NaHCO 3 , 1 mM ethylenediaminetetraacetic acid, pH 7.3), and washing with PBS. The cells were then suspended in RPMI-1640 medium supplemented with 100 U/mL of penicillin, 100 lg/ mL of streptomycin, 10% FBS, and 10 lg/mL of concanavalin A (Seikagaku, Tokyo, Japan) and seeded into a 48-well culture plate in triplicate at 1.0 9 10 6 -cells/well. After cultivation for 24 h at 37°C, the concentrations of IL-4 and IFN-c in the culture medium were determined by enzyme-linked immunosorbent assay (ELISA). Serum IgE and IgG 1 levels were measured by in-house-developed ELISA as described previously (Kondo et al. 2015) . The IL-4 concentration was determined using an ELISA kit (eBioscience, San Diego, CA, USA) according to the manufacturer's instructions. The concentration of IFN-c was determined by in-house-developed ELISA as described below. Although the cell supernatant was used without dilution, it took a long time to obtain sufficient color development. Even when coloring occurred, we could not quantify the amount of immunoglobulins or cytokines because the absorbance of samples was below the detection limit of the calibration curve. Since the amount of immunoglobulins and cytokines could not be quantified using the standard solution, all data were expressed in absorbance.
Mouse IFN-c ELISA Rat anti-mouse IFN-c antibody (Thermo Scientific, Waltham, MA, USA) diluted in PBS at 1.0 lg/mL was added to each well of a 96-well microtiter plate (Nunc, Roskilde, Denmark) at 100 lL/well and incubated at 4°C overnight. After washing with 0.05% Tween 20-PBS (PBS-T) three times, each well was blocked with 1% BSA in PBS for 2 h at 37°C. After washing with PBS-T three times, each well was treated with 50 lL of standards or cell culture medium for 2 h at 37°C. After washing with PBS-T three times, each well was treated with 100 lL of biotinylated rat antimouse IFN-c antibody (Thermo Scientific) diluted in 1% BSA-PBS at 0.5 lg/mL for 1 h at 37°C. After washing with PBS-T three times, 100 lL of streptavidin-HRP conjugate (Molecular Probes, Carlsbad, CA, USA) diluted in 1% BSA-PBS at 1.25 lg/mL was added to each well and incubated for 1 h at 37°C. After washing with PBS-T three times, 0.6 mg/mL of 2,2 0 -azinobis(3-ethylbenzothiazoline-6-sulfonic acid diammonium salt) (Wako Pure Chemical Industries) dissolved in a 0.03% H 2 O 2 -0.05 M citrate buffer (pH 4.0) was added at 100 lL/well, and the absorbance was measured at 415 nm after adding 100 lL/ well of 1.5% oxalic acid for termination of the coloring reaction. Since the IFN-c concentration could not be quantified using the standard solution, the data were expressed in absorbance.
Statistical analysis
Statistical analyses were performed using GraphPad Prism version 7.02 (GraphPad Software, La Jolla, CA, USA). Statistical significance was determined via oneway analysis of variance (ANOVA) with Dunnett's multiple comparison test as indicated. Values with *P \ 0.05, **P \ 0.01, or ***P \ 0.001 were considered statistically significant.
Results
Effect of JBV on degranulation of RBL-2H3 cells
An effect of JBV on degranulation of RBL-2H3 cells was examined. JBV was added at various concentrations to the culture medium of anti-DNP IgE-sensitized RBL-2H3 cells, and degranulation was induced with DNP-HSA as antigen. As shown in Fig. 2a , degranulation was suppressed in a dose-dependent manner by treating cells with JBV. Significant differences against control in the b-hexosaminidase release rate were observed at equal to or higher than 2.7 mg/ mL of JBV, suggesting that JBV has a degranulationsuppressive activity on RBL-2H3 cells stimulated by antigen. JBV was found to exhibit no cytotoxicity to RBL-2H3 cells as shown in Fig. 2b . From these results, JBV was used at around 5.4 mg/mL for further experiments.
Characteristics of bioactive ingredients in JBV JBV was dialyzed using a dialysis membrane with MWCO of 3500 to estimate the molecular size of bioactive ingredients and used for the antigen-induced degranulation assay. JBV was dialyzed for 24 h against 100 times the volume of 10 mM NaPB. During 24 h of dialysis, NaPB was exchanged at least twice. The result of gel filtration suggested that low-molecular-weight substances were removed (supplementary data 2). Since there was no decrease or disappearance of the activity by dialysis (Fig. 3a) , it was suggested that the molecular weight of the bioactive ingredient is higher than 3500. To investigate the molecular characteristics of bioactive ingredients, JBV was heated at 100°C for 15 min and used for the antigen-induced degranulation assay. The result showed that the degranulation-suppressive activity of JBV was not affected by heating (Fig. 3b) , indicating that the bioactive ingredients in JBV are stable to heat. In addition, JBV was treated with proteinase K and used for the degranulation assay. As shown in Fig. 3c , proteinase K treatment did not affect the degranulation-suppressive activity of JBV at all at any proteinase K concentrations, indicating that the bioactive ingredients in JBV are proteinase K-resistant. 
Effect of JBV on signaling pathways involved in antigen-induced degranulation
The effect of JBV on signaling pathways involved in the antigen-induced degranulation was examined by immunoblot analysis. As shown in Fig. 5 , phosphorylation of PI3K, Akt, and PLCc1 significantly decreased by treating RBL-2H3 cells with JBV, whereas there was no effect on the phosphorylation of Lyn, Syk, or PLCc2 by JBV treatment. These results indicated that JBV suppresses the antigen-induced degranulation of RBL-2H3 cells through inhibiting the signaling pathways involved in degranulation.
Effect of JBV in PCA model mice
The antiallergic activity of JBV was evaluated in vivo using PCA model mice in a blinded manner. Anti-DNP IgE-injected mice were orally administered lowdose JBV (25 mg/kg body weight), high-dose JBV (250 mg/kg body weight), or 10 mM NaPB (vehicle). PCA reaction was induced by intravenous injection of DNP-HSA. As shown in Fig. 6 , the PCA reaction was significantly suppressed by oral administration of high-dose JBV (P \ 0.05 against control group), indicating that JBV could exhibit the inhibitory effect on mast cell degranulation in vivo.
Effect of JBV in a mouse model of Japanese cedar pollinosis
Finally, we investigated the effect of JBV on the IgEmediated allergic reaction in a mouse model of Cry j1-induced pollinosis. Cry j1 is the major allergen of Japanese cedar (Cryptomeria japonica) pollens. Mice were sensitized and challenged with Cry j1 as shown in Fig. 1 . The low-dose and the high-dose JBV-administered group mice were orally administered 20 lL of JBV at 25 and 250 mg/kg body weight, respectively, for 7 consecutive days from day 28 to day 34. The intact and control group mice were orally administered 20 lL of 10 mM NaPB. Oral administration of JBV did not affect the body weight of mice (data not shown). On day 34, all mice were treated with Cry j1, and sneezing and rubbing frequencies were counted in a blinded manner, which are clinical signs of hypersensitivity in pollinosis model mice (Tsunematsu et al. 2007) . Although there was no significant difference among any groups, the rubbing frequency tended to decrease in JBV-administered group mice (Fig. 7a) . In addition, the sneezing frequency significantly decreased in the high-dose JBV-administered group mice compared with that in the control group mice (P \ 0.01) (Fig. 7b) . These results suggested that JBV has a potential to attenuate the symptoms of Japanese cedar pollinosis in vivo. Biochemical analysis was performed by comparing the absorbance obtained from ELISA measuring the amount of immunoglobulins and cytokines in serum or culture medium of splenocytes from mice of each group. As shown in Fig. 8 , there was a significant decrease in the absorbance of IgE, IgG 1 , and IL-4 measured in the serum of JBV-administered group mice compared with that of control group mice. On the contrary, the absorbance of IFN-c was not affected by JBV administration. These results indicated that oral administration of JBV significantly decreased serum Degranulation was induced by treating the cells with DNP-HSA. Released b-hexosaminidase was used as a marker of degranulation. Data are presented as mean ± SD (n = 3). ***P \ 0.001 against control by Dunnett's multiple comparison test. c JBV (2.0 mg/mL) was treated with 10, 100, or 500 lg/mL of proteinase K for 16 h at 37°C. Then, anti-DNP IgE-sensitized RBL-2H3 cells were treated with proteinase K-digested or non-digested JBV or with NaPB. Degranulation was induced by treating the cells with DNP-HSA. Released bhexosaminidase was used as a marker of degranulation. Data are presented as mean ± SD (n = 3). ***P \ 0.001 against cells treated with non-digested JBV by Dunnett's multiple comparison test IgE, IgG 1 , and IL-4 levels, whereas the serum IFN-c level was not affected. In addition, there was a significant decrease in the absorbance of IL-4 measured in the culture medium of splenocytes from high-dose JBV-administered group mice, whereas that of IFN-c was not affected (Fig. 9) . These results indicated that oral administration of high-dose JBV significantly decreased the IL-4 production by splenocytes, whereas the IFN-c production was not affected. The effect of JBV on cytokine production in JBV-administered group was consistent between serum and splenocytes.
Discussion
In this study, JBV was revealed to suppress the antigen-induced degranulation of RBL-2H3 cells (Fig. 2) . The bioactive ingredients in JBV were suggested to be heat-stable and protease-resistant, and their molecular weight was estimated to be higher than 3500 (Fig. 3) . Based on these data, a certain kind of polysaccharides in JBV was suggested as bioactive ingredients to suppress degranulation of RBL-2H3 cells. Some polysaccharides such as fucoidan and mannobiose have been reported to suppress mast cell degranulation (Yang et al. 2013; Tanino et al. 2016) . JBV contains ingredients derived from various fungi during the fermentation process in addition to ricederived components as raw materials. In addition, the rice-derived components may be modified by the fermentation. Although we are currently analyzing, the bioactive ingredients have not been identified yet. The mechanism underlying the inhibition of degranulation by JBV was investigated. The signaling pathways involved in degranulation are initiated by phosphorylation of Src family non-receptor tyrosine kinases Lyn and Fyn after aggregation of FceRI through cross-linkage of antigen to IgE. The activated Lyn phosphorylates another tyrosine kinase Syk, and the activated Syk phosphorylates LAT, which recruits growth-factor-receptor-bound protein 2-related adaptor protein (GADS), SH2-domain-containing leukocyte protein of 76 kDa (SLP76), and PLCc1/2 and forms a LAT-complex (Kraft and Kinet 2007; Metcalfe et al. 2009 ). The PLCc1/2 activation occurs through the LAT-complex formed after Syk activation and through PI3K-mediated membrane recruitment of Btk, subsequently inducing Ca 2? mobilization (Kraft and Kinet 2007) . As shown in Fig. 4 , JBV suppressed the elevation in [Ca 2? ] i . From Fig. 5 , JBV suppressed the phosphorylation of PI3K, Akt, and PLCc1, whereas JBV did not affect the phosphorylation of Lyn or Syk. The phosphorylation level of PLCc2 in JBV-treated cells was higher than that in control cells with no significant difference between JBV-treated cells and control cells (Fig. 5) . These results suggested that JBV did not affect the phosphorylation of PLCc2. JBV suppressed the phosphorylation of PLCc1, because it partially suppressed the activation of LAT-complex formed after Syk activation. Since Akt exists downstream of PI3K (Kraft and Kinet 2007; Metcalfe et al. 2009 ), it was suggested that the decreased phosphorylation level of Akt is due to the downregulated PI3K activation by JBV. These results suggested that JBV suppressed the phosphorylation of PI3K, thereby suppressing activation of downstream signals such as Akt and PLCc1. PI3K is activated after binding to Gab2, which is a cytosolic adapter molecule and phosphorylated by Fyn, Syk, or both (Metcalfe et al. 2009; Siraganian et al. 2010 ). In addition, JBV did not affect the phosphorylation of Lyn or Syk, suggesting that JBV does not affect antigen-antibody interaction, which is the initial event of degranulation. These findings suggested that JBV suppresses degranulation through downregulating the signaling pathway involved the phosphorylation of PI3K and the elevation in [Ca 2? ] i . We further investigated whether the outcomes of in vitro studies are involved in those of in vivo studies. We revealed that oral administration of high-dose JBV significantly inhibits the PCA symptom (Fig. 6 ) and reduced the sneezing frequency compared with the control group mice (Fig. 7b) . Thus, JBV was revealed to exhibit the antiallergy activity in vivo. In PCA reaction, antigen-induced degranulation was induced only in ears of mice. Therefore, the result in this experiment showed that JBV suppresses the degranulation in ears of mice. It was suggested that JBV is carried by the blood stream to ears and acts on mast cells after being absorbed from digestive organ. Type I Fig. 6 Effect of JBV on IgE-mediated PCA model mice. Sixweek-old female BALB/c mice were intravenously injected with DNP-HSA with 0.5% Evans blue 24 h after intradermal injection of anti-DNP IgE and PBS alone into left and right ears of mice, respectively. One hour before DNP-HSA injection, the anti-DNP IgE-injected mice were orally administered 20 lL of 10 mM NaPB to the control group, 20 lL of JBV at 25 mg/kg body weight to low-dose JBV-administered group, and 20 lL of JBV at 250 mg/kg body weight to high-dose JBV-administered group. Evans blue was extracted from each ear and the absorbance of the dye was measured at 620 nm. Absorbance of the dye extracted from left ear was subtracted with that from right ear. Data are presented as mean ± SD (n = 6). *P \ 0.05 against control by Dunnett's multiple comparison test allergic reactions, including Japanese cedar pollinosis, are induced by a couple of immunoglobulin classes, which are vital biomarkers of allergy (Platts-Mills 2001) . In addition, type I allergic state is involved in the production of IL-4 and IFN-c, because IgE is a biomarker of allergic state and IL-4 is produced by Th2 cells and promotes IgE production by plasma cells. To improve the balance of Th1/Th2 cells, inhibition of Th2 cell function by Th1 cell activation has been reported (Zhu et al. 2006) . The administration of polysaccharide contained in black vinegar to mice has been reported to increase the production of IFN-c and IL-12 by splenocytes (Ueno et al. 2010) . It has also been reported that black vinegar contains proteinaceous substances that induce IFN-c production (Hashimoto et al. 2013) . Our data, however, suggested that the suppression of Th2 cell function such as IL-4 production by JBV is not due to the activation of Th1 cells, because there was no change in the serum IFN-c level (Fig. 8c ) or in the IFN-c production by splenocytes (Fig. 9a) . JBV might suppress the function of Th2 cells by directly acting on Th2 cells without the activation of Th1 cells. In addition, it might interfere with the function of Th2 cells through a mechanism of action not involving Th1 cells. Its mechanism of action is currently under investigation. From these data, it was suggested that JBV directly and/or indirectly affects Th2 cells to suppress their function and to maintain the Th1/Th2 balance.
JBV completely inhibited degranulation in vitro, whereas the inhibition rate in vivo was about 50%. The absorption of JBV might be insufficient in 1 h, or the JBV metabolites may be less effective than JBV. Since the bioactive ingredient has not been identified yet, its absorption kinetics and metabolites are unknown. However, from our finding, we consider that there are two mechanisms of action that JBV shows antiallergy effect in vivo. First, the components derived from JBV are carried to each tissue by blood and directly suppress degranulation. Secondly, JBV activates intestinal bacteria and improves Th1/Th2 balance since the activity of ? effector T cells such as Th1, Th2, and Th17 cells (Noval Rivas and Chatila 2016) . Lactic acid bacteria have been reported to induce Treg cells (Shah et al. 2012) . Similarly, JBV might have an effect to induce Treg cell activation.
Conclusion
JBV suppressed degranulation of RBL-2H3 cells. The bioactive ingredients in JBV were expected to be heatstable and protease-resistant, and their molecular weight was estimated to be higher than 3500. The effect of JBV was shown to result from inhibition of the Lyn signaling pathway and of subsequent intracellular Ca 2? mobilization. Oral administration of JBV significantly suppressed an allergic reaction in PCA model mice and the sneezing frequency in a mouse model of Japanese cedar pollinosis. Taken together, these findings suggest that JBV has an antiallergy effect that controls mast cell degranulation and would be valuable as a functional food factor.
